Rapid diagnosis and genotyping of Mycobacterium tuberculosis (MTB) by molecular 3 methods is often limited by the amount and purity of DNA extracted from body fluids. 4
mycobacterial cultures were species-differentiated by previously described 16S 1 real-time PCR (11), hsp65 PCR-RFLP (20) and if inconclusive, 16S DNA sequencing 2 (8), to identify MTB and NTM species. 3 4 Design of primers and probes. Gene specific primers and probes were designed with 5 the use of the Primer Express software version 3.0 (Applied Biosystems, Foster City, 6
CA) (TABLE 2). Primers and Taqman MGB probes targeting insertion sequence 7
IS6110 and Rv0927c -pstS3 intergenic region were based on the MTB H37Rv 8 genome sequence (GenBank accession BX842579 and BX842575). Specificity of 9 primers was first verified by using the NCBI BLAST algorithm, followed by real-time 10 PCR specificity testing with DNA extracted from reference strains listed in TABLE 1. milliliters of 1:10 diluted culture were added to 50 mL of pooled culture-negative 17 sputum specimens. Two-milliliter aliquots of spiked sputum were centrifuged at 5000 18 ╳ subsequent DNA extraction. Clinical specimens: 17 MTB culture-positive sputum 1 specimens consisting of 9 AFB smear positive and 8 AFB smear negative were 2 employed. These specimens represented a range of different bacterial loads in a 3 spectrum of different sputum viscosities. Two-milliliter aliquots of sputum were 4 centrifuged and resuspended the same way as the spiked sputum above for subsequent 5 DNA extraction. 6 7 DNA extraction: Three different types of beads used for mechanical disruption in the 8 bacterial cell lysis step, and four different downstream DNA purification methods 9
were evaluated for a total of twelve protocols. The three different bead types included 10 0.1 mm zirconia beads (BioSpec Products, Inc., OK), 0.2 mm glass beads (Sigma 11 Aldrich, St. Louis, MO) and 1 mm glass beads (Sigma Aldrich, St. Louis, MO). 12
Procedure: 1 mL of the TE-resuspended pellet was added to a 2 mL screw cap 13 microcentrifuge tube containing approximately 200 µL volume of either one of the 14 three types of beads. The tubes were vortexed in a Disruptor Genie (Scientific 15 Industries, Inc., Bohemia, New York) for 5 minutes and incubated at 95 o C for 10 16 minutes for complete inactivation of the bacteria. After a brief centrifugation, 100 µL 17 aliquots of the lysate containing no debris were used for each of the DNA purification 18 methods.
1
Four different DNA purification methods were evaluated. Method C: Chelex 100 2 resins (Bio-Rad Laboratories, CA). The lysate was added to an equal volume of 10% 3
Chelex 100 resins and incubated at room temperature for 5 minutes with occasional 4 mixing. The mixture was centrifuged at 1,000 MyOne SILANE Magnetic beads (Invitrogen, CA). The formulation of buffers is 13 based on the buffer system previously described with slight modification (4). Briefly, 14 binding buffer was prepared by dissolving 120 g of guanidium thiocyanate in 100 mL 15 of 0.1 M Tris-HCL (pH 6.4). Subsequently, 22 mL of 0.2 M EDTA, pH 8.0 and 2.6 g 16 of Triton X-100 were added to the solution. Wash buffer was prepared by combining 17 of binding buffer was added and the mixture was pulse-vortexed. Fifty microliters of 1 Dynabeads and 200 µL of isopropanol were added respectively with brief vortexing in 2 between. The tubes were incubated at room temperature for 3 minutes. Subsequently, 3 the beads were immobilized by a magnet and the supernatant was removed. The beads 4 were washed twice with 800 µL of wash buffer and twice with 800 µL of 70% ethanol. 5
The ethanol was removed by air drying the beads at room temperature for 10 minutes. 6 DNA was eluted with 30 µL of TE buffer, pH 9.0. The extraction procedures for 7 spiked specimens were repeated 9 times for each method for statistical analysis. For 8 clinical specimens, each of the 17 specimens was extracted by all the twelve methods 9 for evaluation. Comparison of different DNA purification methods using the same type of beads for 6
showed that Chelex resins (C) had the poorest efficiency among the four (0.96 ≤ ∆Ct s 8 ≤ 2.49, 1.9 to 5.6 fold difference); while the other three purification methods have resin purification yielded significantly less MTB DNA. Taking into consideration the 7 sensitivity, technical simplicity of protocol, and the potential for automation, the 8 combination of zirconia beads and magnetic beads (Z-HM) was selected. 9 specimens from the same individual) and were undergoing TB chemotherapies 1 (TABLE 5) . The remaining 3 specimens were originated from patients with records of 2 recently-treated TB. One of the three is currently on treatment for TB relapse. None of 3 the NTM culture positive specimens were positive for MTB by real-time PCR 4 (TABLE 4). Taking conventional mycobacterial culture as the gold standard, the 5 overall sensitivity and specificity are 100% (74/74) and 94.3% (246/261) respectively. 6
Taking into account the final clinical diagnosis of the patients, the specificity is 100% 7 (246/246). Association of Beijing/W genotypes with AFB smear positive and AFB 8 smear negative specimens were 59.6% (31/52) and 21.6% (8/37) respectively. The 9 overall prevalence of Beijing/W is 43.8% (39/89). The result was further confirmed 10 by DTM-PCR (7) with complete concordance. The detection limit of the assay is 10 11 bacilli as determined by endpoint dilution analysis. Aliquots of 100 µL of TE buffer 12 were included in each extraction and real-time PCR experiment as negative controls. 13
Cross contamination between specimens was not detected. Internal controls remain 14 positive for all MTB-negative specimens, indicating that inhibition of amplification 15 was not encountered in this evaluation. 16
Sensitive detection of MTB complex from body fluids requires optimal cell lysis and 1 efficient DNA purification to remove associated PCR inhibitors. The choice of 2 reagents and methods is thus crucial. Chelex and QIAmp DNA extraction kit are 3 commonly used in DNA preparations, although QIAmp DNA extraction kit is 4 incompatible with mainstream automation for high throughput. 5 6 According to the results of this study, the reagents and methods used in DNA 7 extraction have a great impact on the DNA yield. Comparison using a spiked 8 specimen pool suggests that S-HM is most sensitive as it required the least cycles to 9 reach the threshold (Ct) in real-time PCR assay, followed by Z-HM, Z-D, Z-V, S-D 10 and S-V. In terms of sensitivity, these six protocols are better than the others tested. 11
The evaluation with clinical specimens yielded similar but not identical order. 12 Z-HM, Z-V, Z-D and SV were significantly more sensitive than other protocols while 13 the performance of S-HM and S-D became inferior. A possible explanation is that the 14 efficiencies of mechanical disruption by beads could be affected by the viscosity and 15 the actual bacterial load of sputum specimens. Results in this study suggest that 16 zirconia beads are more compatible with the wide range of sputum viscosities. 17
18
In both experiments using spiked specimens and clinical specimens, the performance 19 of Chelex resins and large (1 mm) glass beads were relatively poor. For instance, the 1 Ct of the combination using large glass beads plus Chelex (LC) with spiked 2 specimens was 30.43 ± 1.12, which suggests the DNA yield was approximately 32 3 fold lower than that of S-HM. From our observation, 1 mm glass beads were 4 relatively sluggish as compared to the other two types of beads during vortex. The 5 mild bombardment due to its heavy weight might lead to incomplete cell lysis and low 6 DNA yield. On the other hand, Chelex purification suffers from a major disadvantage 7 of dilution effect. While column and magnetic purification significantly concentrated 8 the DNA by small-volume elution, Chelex purification inevitably caused a two-fold 9 dilution, which may account for its poor performance. Taking into consideration the 10 results from the comparison analysis with both the spiked and the clinical specimens, 11 the combination Z-HM was selected for its simplicity, high sensitivity, low cost 12 relative to commercial spin columns, and its potential for high throughput automation. 13
14
Assays that detect insertion sequence IS6110 for molecular diagnosis of MTB, such as 15 the one described in this study, benefits from the fact that IS6110 often presents in 16 high copy numbers (> 10 copies) in the genome of MTB. A common limitation of 17 IS6110 detections is the inability to discriminate members of the MTB complex such 18 as M. bovis and M. africanum; although the prevalence of these agents in human is 19 considerably less than that of M. tuberculosis. In addition, a small portion (< 2%) of 1 MTB isolates does not contain IS6110 repeated segments in their genome, which 2 would give rise to false-negative results. Our novel multi-probe multiplex real-time 3 PCR successfully detects all 74 cultivable MTB isolates with no cross reaction with 4 NTM. Fifteen specimens positive by real-time PCR were culture-negative. Since 5 culture isolation is the gold standard for TB diagnosis, the possibility of 6 false-positivity among these specimens should not be excluded. However, when the 7 clinical presentation of the corresponding patients and the results of repeated 8 sampling are taken into consideration, the chance that these are real false-positives is 9 low (TABLE 5) . Discrepancies between conventional mycobacterial culture and 10 PCR-based detection have been previously associated with TB patients who 11 underwent anti-tubercular chemotherapies (2, 18). Since PCR could detect DNA from 12 non-viable MTB as a result of anti-tubercular treatment, and also viable MTB in 13 insufficient quantity for successful culture, the discrepancy found in this study 14 together with the available clinical information indicate an advantage in sensitivity of 15 PCR-based detection over conventional mycobacterial culture. 16
17
The worldwide prevalence of Beijing genotype varies from 0% to over 80% 18 depending on geographic locations (19). Our finding of 43.8% concurs with the 19 characteristic high prevalence in the Asia Pacific region. However, it should be noted 1 that the specimens collected for this assay development were subjected to prior 2 selection based on the two criteria stated, the percentage hence is not necessary a 3 representative reflection of the regional status. 4
5
Contrasting conventional mycobacterial culture, the molecular protocol described in 6 this study greatly reduces the turnaround time, which would be beneficial to both TB 7 control and patient treatment outcome. It also avoids the hazards of maintaining a TB 8 culture room. However, the protocol is more labor intensive unless automation is 9 available. Though the cost of reagents involved is significantly lower than that of 10 commercially available rapid TB diagnosis systems, it is still higher than conventional 11 mycobacterial culture and this could be a barrier at the moment. As the cost of 12 molecular reagents drops gradually, one may find it justifiable for its potential health 13 care benefits in foreseeable future. In conclusion, the method used to extract DNA 14 from sputum specimens greatly affects the outcome from molecular diagnosis. We 15 described here an optimized protocol for DNA extraction from sputum specimens, and 16 a multi-probe multiplex real-time PCR for simultaneous detection of MTB and 17
Beijing/W genotype with high sensitivity and specificity. 
